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PROPERTIES OF BORIC OXIDE 

By Paul C . Setze 

SUMMARY 

A review of the   current   l i terature  on the thermodynamic 
and physical  properties of boric  oxide (Bz03) was made. What 
were considered t o  be the most accurate data available on each 
of the  following  properties are presented  in  tabular and  graph- 
i c a l  f o m :  specific  heat,  sensible  enthalpy,  total  enthalpy, 
entropy,  latent  heat of vaporizatlon,  and  vapor  pressure f o r  
the  crystal ,   l iquid,  and  vapor states. Also given are data 
on specific  gravity,  surface  tension,  viscosity, and e lec t r i -  
cal r e s i s t i v i ty .  In addition,  basic  molecular and s t ructural  
data are presented. 

A discussion of each  property is included,  and  reasons 
are s t a t ed   fo r  choosing one set of data in preference t o  another. 

INTRODUCTION 

In  1951 reference 1 was published  giving  tabulated data 
on the thermodynamic properties of a nunher of chemical ele- 
ments and compounds. Among these ccmpounds w a s  boric  oxide. 
Since that time new data on the  properties of boric  oxide have 
become available.  This report reviews the  published  literature, 
presents w h a t  are believed t o  be  the most accurate  data now 
available on both  the thermodynamic and physical  properties 
of boric  oxide, and extends  the data where possible. This re- 
view is especially  important in the light of some unreported 
experfmental  observations which make the extrapolation of 
existing  data  questionable. These cases w i l l  be  discussed. 

P- search of the literature was made, and the  data a r e  
presented i n  both graphical and tabular form. Each property 
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is briefly  discussed and the  reasons  for  choosing one set of 
data  in  preference to another  indicated. . . .. 

A l is t  of the symbols us& i n  this report is given i n  
'appendix A. 

THERMODYNAMIC PROPERTIES 

An extensive  review of the   l i t e ra ture  on the thermo- 
dynamic properties of boric  oxide is presented  in  reference 
1, which provides  tabulated data on specFfic  heat,  sensible 
enthalpy, t o t a l  enthalpy,  entropy, and equilibrium  constants 
for ' the  crystall ine,   l iquid,  and gasems states. These data 
are  being  extensively used at  the  present  time. However,  more 
recent  data on the vapor  pressure,  specific  heat,  enthalpy, 

' and entropy of boric  oxide make it desirable t o  recalculate 
the  data of reference 1. This  recalculation has been done, 
and a summary of the  revised thermodynamic data is  given i n  
f igure 1 and table  I. A discussion of each of the  separate 
thermodynamic properties  follows . 

Specific Heat 

The specif ic .  heat data for  boric oxide crystal,  glass,  and 
l iquid are taken fram a private cmmunicaticm receive4 f r m  the 
National Bureau of Standards. These va1ue.s are based on exgeri- 
mental data which have a good order of act-yracy. The glass and 
l iquid data have  been faired t o  a smooth curve i n   t h e  range 900' 
t o  1800' E; and extrapolated  to 2500' K, New values of the  vapor 
specific  heat were calculated using the method presented in   r e f -  
erence 2. This method a s s u e s  the molecule t o  be a r ig id  
harmonic osci l la tor ,  and the thermodynamic functions are calcu- 
lated  using  the  fundamental  frequencies-of  oscillation  given 
in  reference 2 .  The equation  used in  calculating  the  specific 
heat is 

C: = 7.94872 + C ( V 1 )  

where x C ( v i )  is the sum of the  vibrational  contributions of 
a r ig id  harmonFc oscillator,  with  frequencies v i ,  t o  specific 
heat.  This  term w a s  evaluated at each  temperature from the 
tables of reference 3. The frequencles of the B203 molecule 
as calculated i n  reference 2 w e  present.ed iq table 11. 
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Sensible  Enthalpy 

% 
al 
P 

The sensible  Xnthalpies of the  crystal ,  glass, and l iquid w e r e  
supplied by the  National Bureau of  Standards. 

The sensible  enthalpy of the vapor was calculated using the follow- 
ing equation, which was taken from reference 2: 

- = Tk.94872 + H(vi}I 

where R(vi) is  the vibrational contribution to sensible  enthalpy  cal- 
culated f r m  reference 3. 

Total Enthalpy 

The values  for t o t a l  enthalpy  for  the  crystal,  liquid, and vapor 
s ta tes  were calculated  using  the  sensible  enthalpies frm the  preceding 
section and values of the  standard-state t o t a l  enthalpy a t  Oo K chosen 
t o  be  consistent  with  the  tables of reference 1 and the vapor pressure 
data of reference 4. 

Entropy 

The crystal ,  glass, and liquid  entropies  are  taken f m  the  National 
Bureau of Standards data. 

The vapor  entropy was calculated using the  follaring  equation 
(ref. 2):  

S@ = - 2.3472 + 6.863476 log M + 18.302602 log T + 
2.287825 10g(I.&I,X10u7) - 4.57565 log Q -kxS(vi )  

Latent H e a t  of Vaporization 

The value f o r  the latent heat of vaporization of boric oxide from 
the  l iquid was cmputed by taking the  difference between t h e   t o t a l  en- 
thalpy of the vapor  and the  total   enthalpy of the  l iquid.  

Vapor Pres sure 

Speiser, Naiditch, and  Johnston (ref. 4) give  experimentally  deter- 
mined values f o r  the vapor pressure of boric  oxide.  Soulen,  Sthapitanonda, 
and Margrave ( re f .  5) verified  these data within  the  accuracy of the method 
used, and  Soulen indicated in reference 6 that extrapolation of the data 
of reference 4 was feasible  . 
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The enthalpies  for the l iquid and vapor show that the  latent  heat of 
vaporization A& varies  Kith  temperature. The data presented i n  refer- 
erence 4 do not  take this change into  account.  Therefore, a new vapor- 
pressure - temperature re la t ion was calculated from the  following  expres- 
sion: 

With a value for the vapor pressure a t  1500° LC (agout  the  midpoint of the 
experimental data) from reference 4 a value of ( ~ 1 5 0 0 ) ~  was calculated 
from equation (4).  This calculatian fixed the  value of (Ht)y and, there- 
fore,  the  remaining  values of (G)v. From these  values,  the vapor pres- 
sure was calculated from equation (4).  

E 
(0 

The resul ts  of this calculation (shown in   f i g .   l ( e ) )   ag ree  with the 
results  given i n  reference 4 t o  within the experimental  error. 

R e a t  of Formation 

The heats of formation of boric oxide vapor and crys ta l  a t  298.16O 
and Oo K are calculated in appendix B. 

Miscellaneous  Thermodynec  Functions 

The infrared and diffraction  studies by Soulen (ref. 6) indicate that 
the structure of the B2O3 molecule is  a symmetrical bipyramid as i l l u s -  1 

trated in   f i gu re  2. I n  t h i s  structure the three oxygen atams form an equi- 
lateral triangle with one boron atm abwe and one below the  plane of the 
triangle.  Each boron atom is  bonded t o  each of the oxygen atoms. Doubt 
exis ts  as to  the  exact  interatamic  distances.. Inasmuch as no recent ac- 
curate  determinations have been made, the  distance? used in the  calcula- 
t ions of reference 2 will be assumed t o  be correct   unt i l  more data are 
available. These data are  presented i n  table 11. 

d 

. .  - .  

PHYSIW PROPERTIES 

The physical  properties of boric  oxide are fairly well defined up t o  
temperatures  approaching 1800° K. Above this temperature materials prob- 
lems make experimental  determinations of physical  properties  very  difficult 
i f  not  impossible.'  Consequently, i f  data me needed a t  temperatures  great- 
er than 1800' K, extrapolation of the existing data i s  necessary, a pro- 
cedure which leads  to  uncertainties i n  the value of the property. 

The physical  properties of boric  oxide are presented in table I11 and 
figure 3. A discussion of each of the  separate  physical  properties  follows. c 

Specific  Gravity 

Reference 7 gives a plot  of the  coefficient of ..thermal expansion . 

f o r  B g 3  against  temperature.  Reference 8 gives a value of 1.85 for the 
" 

. .  
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specific gravity of boric caciae at 298.16O K. Using the  coefficient of 
expansion a and the  specific  gravity a t  298.16' K gives'  the  following 
exgression: 

- 

where 

The values of clr  c2, and c3 were cmputed using the t h e m 1  expansion 
data of reference 7. 

Substitution of equation (7) into equation (6) and integration  gives 

b A =  85 15.90558~10-* T - 1.095738X10'6 T2 + 2 .59248~ lO '~~  T3 - 3.837xL0'1 
P 

(8) 

as aa expression for the specif ic  gravity of B2O3 as a f i c t i o n  of tem- 
perature. 

The data of reference 7 (a plotted  against  tan2erature) are given 
r t o  about 16W0 K; therefore  extrapolation for equation (8) above this 

temperature would be beyond the m e  of the data. These data are plot ted 
i n  figure  3(a) . . 

Surface  Tension 

References 9 and 10 report  consistent  experfmental  determinations 
of the  surface  tension of boric &de. The data of reference 9 were 
run up t o  1700' K and  give  quite  reproduceable results. The equation 
that f i t s  these data i s  

j3 = 37.9 + 0.0354 T (9) 

where T is i n  %. The values  calculated frcm this equation  are  plotted 
i n  pigure 3(b). 

From the  experimental &"ta it can be  seen that the  surface  tension 
-l of boric  oxide  increases  with temperature. This i s  not an uncammon oc- 

currence when considering glasses. However, at some point  the  surface 
tension must begin to  decrease w i t h  increasing  temperature because a t  
t h e   c r i t i c a l  temperature the l iqu id  and vapor phases became indistinguish- 
able  and the surface  tenslon approaches zero. 

- 
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According t o  Freundlich (ref.  11) a posit ive temperature  coefficient - 
of surface  tension can be explained by picturing a molecular  species 
(different from the main body of the liquid) on the surface of the  l iquid 
taat tends  to  lower the  surface  tension. A s  the  temperature  increases 
this   species  becomes more soluble  in  the body of the  liquid,  resulting 
i n  a net increase in surface  tension. Because  of this  property,  extrapo- 
la t ion  of the  surface  tension data above 1700° K would present a great 
uncertainty. 

Viscosity 

References 1 2  through 14 give  values of the  viscosity of l iquid 
boric  oxide  over a temperature  range from 773O t o  1373O K. The data a r e  
shown i n   f i gu re  3( c) . In general, a l l  the  data  agree  fairly  well,  but 
towazd the lower temperatures some discrepancy exists. To a r r i v e  at 
some mean values f o r  the  viscosity, a curve was drawn through all the 
data. The values  taken from t h i s  curve are presented i n  table 111. 

Electrical   Resistivity 

The e l ec t r i ca l   r e s i s t i v i ty  of boric  oxide was taken from reference 
15 and is presented in table  III and figure 3( d) . Also shown i n  the 
f igure is a curve of some previously  unpublished NACA data. 

Miscellaneous  Physical  Properties 

Solubili ty and index of refraction data were taken from reference 
16 and are presented in the following table: 

Colorless glass o r  colorless  white  crystal 
Index of refraction . . . . . . . . . . . . . . . . . . . . . .  1.464 
Solubility, g / l O O  m l  H20 a t  

2 7 3 . 1 e ° K .  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.1 
373.16OK.. . . . . . . . . . . . . . . . . . . . . . . . . .  s . 7  

Soluble in acids and alcohols 

CONCWDING REMARKS 

U r 
c, 

This  report  presents w h a t  are believed t o  be the most accurate data 
available on the properties of boric  oxide. Whereas there may be some 
question as to  the  exactness of the data recommended, it is  fe l t  t o  be 
consistent. 
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The largest  voids i n   t h e  data ex i s t  when dealing  with the species 
c present in a vapor phase W equilibrium  with B203 l iquid.  Experimental 

observations have been made tha t  show increases i n  B203 vaporization 
rates due t o  water vapor in the  surrounding  atmsphere. 

In a system containing B203 and elemental boron i n   t h e   l i q u i d  state, 

B2O3 appears to be the  predominant  vapor species. 

Dr. John L. Margrave and h is  coworkers a t  the University of Wisconsin 
are presently fnvolved in the  most complete study of these phenomena. 
Their work is reported in references 5, 6, and 17. 

In reference 17 t he  data indicate that the  presence of small  quanti- 
t ies  of water vapor i n   t h e  inert gas passing  over  liquid B203 greatly in- 
creased  the  vaporization rate of the  oxide. The following  reaction  has 
been  proposed to   exp la in   t h i s  phenomena: 

H2O( vapor) + Bz03( l iquid) + 2HB02( vapor) 

At about 1300° K with a water vapor par t ia l   pressure of 4 millimeters 
in   ni t rogen  the B203 vaporization rate is increased  about  tenfold. 

Lewis  Flight  Propulsion  Laboratory 
National pldvisory Committee for Aeronautics 

Cleveland, Ohio,  Noveniber 8, 1956 
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c; standard-state  specific  heat  at  constant  pressure, 
cal/(mole) ( O K )  

4 vibrational  speclfic  heat  function 

cl,c2,. . .c3  constants in power  series .. " 

F!? standard-state  free  energy,  kcal/mole 

I?? 

G - G  sensible  enthalpy,  kcal/mole 

standard-state t o t a l  enthalpy,  kcal/mole 

H( V) vibrational  enthalpy  function 

aK. heat  of formation, kcal/mole 

x 
ff 
"U 

A% latent  heat of vaporization,  kcal/mole 

Ix7IyrIz 

M molecular  weight,  @;/mole 

moments of inertia  with  respect to the x-, y-, and z-axes, 
(g 1 (cm2 1 

P pres  sure, a t m  

R universal gas constant, 1.98718 cal/(mole) (9) 

s; standard-state entropy,  cal/(mole) (%> 

s w  vibrational  entropy  function 

T absolute  temperature, OK 

a volume  coefficient of expansion, OK-1 

P surface  tension,  +es/cm 
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P specific gmvity 

a symmetry number 

Subscripts : 

2 l iquid 

0 Oo K 

T temperature 

V vapor 

Superscript: 

0 standard state (1 atm pressure) 
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W I A T I O N  OF !!?HE HEAT OF F"ATI0N OF BORIC OXIDE 

The heat of formation of B2O3 was calculated by the  following procedure: 

AH1 = -3C5.35 kcal (ref. 4) 

AH2 =: -2.241 kcal (ref. 1) 

AH3 = 89.6224 kcal  ( table  I) 

AH.. = 2.9737 kcal (table I) 

MI5 =A@1 +AH, +AI33 +e 
-214.9949 k-1 

4 = 0.588 kcal (ref. 20) 

AB7 = 3.105 kcal  (ref.  21) 

q 3  =aH1 +mi2 +AE& +AH7 

mg = %  +AE6 + a a ,  -m4 

AH8 = -303.8980 k a l  

AHg -214.2756 kcal 
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Ref . 
" 

Formula . . . . . . . . . . . . . . . . . . . . . .  b203 23 
Molecular  weight . . . . . . . . . . . . . . . . . .  69.64  23 
Interatcanic  distances. A: 2 
B-B . . . . . . . . . . . . . . . . . . . . . . .  1.72 
B-0 . . . . . . . . . . . . . . . . . . . . . . .  1.36 
0-0 . . . . . . . . . . . . . . . . . . . . . . .  1.825 
B . . . . . . . . . . . . . . . . . . . . . . . .  1.90 
0 . . . . . . . . . . . . . . . . . . . . . . . .  3.45 

Electronegativity: 2 

Symmetry  number . . . . . . . . . . . . . . . . . . . .  6 2  
Force  canstmt.  mes/cm: 2 
B-0 . . . . . . . . . . . . . . . . . . . .  6.809)(10'3 
0-0 . . . . . . . . . . . . . . . . . . . .  1.240X10'5 

Moment of inertia.  g/cm2: . 2 
I, . . . . . . . . . . . . . . . . . . . .  88.463X10m40 
%, I, . . . . . . . . . . . . . . . . . .  70.805 YJ-O'*~ 

Calculated fundamental frequencies. cm-l: 2 
V 1  . . . . . . . . . . . . . . . . . . . . . . .  1363.6 
~2.3 . . . . . . . . . . . . . . . . . . . . . .  1240.8 
~5 . . . . . . . . . . . . . . . . . . . . . . . .  466.3 ~4 . . . . . . . . . . . . . . . . . . . . . . .  1525.1 
V6J7 . . . . . . . . . . . . . . . . . . . . . .  1371.0 
V8J9 . . . . . . . . . . . . . . . . . . . . . .  382.7 

. 



Temper- 
ature, 
9c 

298 . 16 
400 
500 
600 
700 
750 
800 
900 
1000 
ll00 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

Specific 
tension, gravity 
Surface 

aynes/m 

1.85 
52.1 1.69 
48.5 

62.7 1.59 
59.1 1.47 
55.6 1.56 

1.3 66.2 
1.30 69.8 
1.28 . 73.3 
1.26 76.8 
1.25 80.4 
1.24 

1.218 
91.0 1.226 
87.5 1.23 
83.9 

106.7 ""- 105.2 ""- 101.6 1.191 
98.1 1.208 
94.5 

""_ "" 

"""_ """_ """_ """_ 
>lX104 

7.0~103 

5 . 0x102 
2. oxlo2 

"""_ 
I. 6x103 

9.7X101 
5.4X101 
3.3X101 

1.6M-01 
2 . 2x101 

"""_ """- """_ """_ 

"""_ """_ """_ """_ """_ 
4.5xl05 

2 *2xl.04 

1.5Ki~ 
4.8XL.04 

""-" """_ 
"-"" """_ """_ """_ """_ """_ """_ """_ 
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Absolute  temperature, OK 

( c )  Entropy. 

Figure 1. - Continued. Recommended thermodynamic properties of boric  oxide. 
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0 Slavyanskii and mestnikova 

0 Volarovich and Tolstoi  (ref. 

- 0 Volarovich and F r i h n  (ref.  / 

(ref.  12, pp. 1844-1846) 

1 12, p. 1845) 

0 ,  

/ n  12, p. 1845) 
A Arndt (ref.  12, p. 1845) / -, 

0 

1 

4 

2 

10 
.06 .08 .10 .12 .14X 

Reciprocal of absolute  temperature, 

(c)  Viscosity of liquid. 

Figure 3. - Continued. Recommended physical 
properties of boric  oxide. 

.. . 
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(a) Electrical   resist ivity.  

Figure 3. - Concluded. Recommended physical 
properties of boric oxfde. 




